Myocarditis has been reported in patients dying with viral hepatitis. With the increasing incidence of the disease, recognition of myocardial involvement is apparently important. The nature of the abnormalities suggested several factors including ischemia and local electrolyte disturbance of myocardium. The incidence of abnormalities was greater in the out-patients and in those with tachycardia, and greatest at the peak of the epidemic. Abnormalities showed no relation to the severity of the jaundice or of the illness or to the serum protein levels.
MYOCARDITIS not infrequently occurs in virus diseases such as anterior poliomyelitis, mumps, measles, varicella, infectious hepatitis, and primary pneumonia.' The electrocardiogram may be the basis of diagnosing myocardial involvement in viral diseases because other manifestations are often absent or minor. Myocardial changes in epidemic viral hepatitis have been infrequently reported in the literature2-6 and there are few comprehensive studies of electrocardiographic changes with multiple lead records. The incidence of viral hepatitis appears to be on the increase and recognition of myocardial involvement may prevent cardiac catastrophies or residual changes by allowing sufficient convalescence. Therefore, when an epidemic of viral hepatitis occurred in Jaipur in 1955, the present investigation was undertaken to determine the incidence and the nature of the electrocardiographic abnormalities and their relation to various clinical and other factors.
MATERIAL AND METHODS
One hundred forty patients with jaundice due to epidemic hepatitis but without other cardiovascular disease were studied. Fifty-seven patients, of whom 10 were comatose, were admitted to the hospital; 83 attended the out-patient department. There were 127 males and 13 females with ages varying from 8 to 55 years. The duration of illness at the time of first observation varied from 1 day to 22 weeks. Electrocardiograms with standard leads, I, II, III, and unipolar leads, aVR, aVL, aVF, and V1 to V6 were recorded routinely and additional chest leads were taken in a few cases. Serial
From the Department of Cardiology, Sawai Man Singh Hospital and Medical College, Jaipur, India. 88 tracings were recorded in all in-patients and a large majority of the out-patients. In patients with hepatic coma tracings were often repeated twice a day. Sinus tachycardia or bradyeardia by itself and minor changes in the amplitude of the QRS were not considered abnormal. Changes of P and T waves were considered as abnormalities only if they became normal on serial observations. A Q-T ratio of more than 1.09 in males and 1.08 in females7 was considered abnormally prolonged. Icterus index, total serum proteins, and serum albumin and globulin were determined and repeated, particularly when the electrocardiogram showed any abnormality.
RESULTS

Electrocardiographic Findings
Definite abnormalities were confirmed by serial tracings in 61 cases and are summarized in table 1. Rate and Rhythm. T inversions were of different patterns: (1) "Coronary T-wave pattern"8 with pointed apex or terminal dipping of T in 9 cases; (2) inversion of initial segment with S-T depression but upright terminal T in 17 cases; (3) complete inversion of T with S-T depression of the "straight line type" in 7 cases; and (4) hammock-like depression of S-T segment with inverted T and elevated U wave suggesting a hypopotassemia pattern in 2 cases.
An interesting finding was isolated T-wave negativity in precordial leads in the topographic sense in that the flanking leads showed these changes to a much lesser extent or showed upright T waves. This was seen in 5 cases, in 3 cases in V3 only and in 1 case each in V3-4 and V2-4 ( fig. 1 ). These changes were transient, the T wave becoming upright within 3 to 11 days. All the 5 patients were between 20 to 27 years of age and 3 of them were females, the possibility of coincident coronary artery disease being therefore very little. Q-T ratio increased in 2 and decreased in 3 of them by more than 0.06 when the electrocardiogram returned to normal, but it was not prolonged above normal limits in any of them. An exercise test, done after recovery in 2 cases, was negative.
U Wave. There was isolated inversion of U in lead V3 in 1 case ( fig. 1 ).
Conduction Defects. These were seen in 3 cases. In 1 case the duration of QRS was 0.13 second, suggesting intraventricular defect. In another case the P-R interval was prolonged to 0.22 second, returning to normal later. The third case showed at various stages of the illness complete heart block, second degree heart block, and prolonged P-R interval of 0.38 second ( fig. 2 ). Prolongation of P-R in this case has persisted up to the present nearly a year after recovery from the illness. During the illness in the hospital this patient had suddenly developed tachycardia, gallop rhythm, and a systolic murmur indicating onset of acute myocarditis.
Q-T Interval. The Q-T ratio was increased in In the present investigation cardiac causes and pharmacologic and thermal influences were excluded. The abnormalities appeared to have some relation to the epidemiology of the infection, the activity of the patient, and the cardiac rate, but no relation to the severity of the jaundice, the severity of the illness, and the serum protein levels. The isolated negativity of T or U-wave seen in this series does not appear to have been reported previously in hepatitis. T negativity, limited to or about the lead V4, has been reported in healthy males.'4 In all our cases the T waves became upright later. Schlant and co-workers" suggested that isolated T negativity represented the clinical counterpart of an ischemic phase of myocardial infarction. It may occur in stress tests indicating a positive test of coronary insufficiency. Inversion of U wave has been found in coronary artery disease.'6 These changes therefore suggested that ischemia of the myocardium was one of the factors responsible for electrocardiographic abnormalities.
Prolongation of the Q-T interval in viral hepatitis has been interpreted as insufficiency of cardiac energy'7 and disturbance of cardiac metabolism with diffuse myocardial involvement.13 Of the 6 cases with this abnormality in this series 3 were in hepatic coma. Two of these comatose patients also showed other severe abnormalities, suggesting the pattern of hypopotassemia, and died. Four patients, however, recovered without any residual changes. According to Lyon" the prolonged Q-T is not found in the early icteric stage of the disease but takes some time to develop and is then found in less severe cases. In the present series it was seen as early as the fourth day of the illness and with an icterus index as high as 150.
Occurrence of various grades of heart block during the illness in 1 case was suggestive of lesions in the bundle of His described by Saphir and co-workers;6 persistence of the prolonged P-R interval in this case indicated permanent isolated damage in the bundle. That the electrolyte disturbance may be local in the myocardium and not be present in the blood was indicated by the normal values of serum potassium in 1 of the 2 cases with changes characteristic of hypopotassemia in which these determinations were made.
Recently, Saphir and co-workers6 found acute myocarditis in 4 of the 6 patients dying with viral hepatitis and recommended electrocardiographic studies in every patient with hepatitis. The present study showed a high incidence of abnormalities and their nature suggested that myocardial ischemia, diffuse disturbance of myocardial metabolism, lesions of the bundle of His, and local electrolyte disturbance in the myocardium, were some of the factors contributing to the abnormalities. It is, however, difficult to evaluate the signiificance of the myocardial involvement demonstrated by these abnormalities. In spite of their high incidence there was only a single instance of a residual abnormality, in the form of prolonged P-R interval. This patient was an in-patient who had proper bed rest and treatment at the time of the acute myocarditis, and the heart block persisted despite a prolonged convalescence. Again 6 of the 10 patients in hepatic coma showed abnormalities but only 2 died; they showed the most severe changes of a hypopotassemic pattern and had a prolonged illness of more than 4 months. These 2 cases, prolonged Q-T in 6 cases, and a hypopotassemic pattern in 2 cases. An interesting feature was isolated negativity of the T wave in 5 cases and of the U wave in 1 case in the precordial leads.
The incidence of abnormalities was greater in the out-patient and in those with tachycardia, and greatest at the peak of the epidemic, suggesting some relation to the activity of the patient, the cardiac rate, and the epidemiology of the infection. These abnormalities were not related to the severity of the jaundice, the severity of the illness, or the serum protein levels.
The nature of the abnormalities suggested that myocardial ischemia, diffuse myocardial derangement, lesions of the bundle of His, and local electrolyte disturbance in the myocardium were some of the contributing factors.
Cardiac damage persisted in only 1 patient. 
